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(57) Abstract 

A multi-beam array optics system useful as a pattern generator for electron beam lithography includes a field emitter array of 
micro-cathodes formed on a substrate for emitting an electron multi-beam array, an extracting electrode array on the substrate for controlling 
the emission of the field emitter array, a deflecting array on the substrate for deflecting the individual electron beams emitted by the 
micro-cathode to reduce beam shift, and electron optical elements that accelerate and direct the multi-beam array to a target, as if it were 
a single unitary beam. 
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MULTI-BEAM ARRAY ELECTRON OPTICS 



PTELD OF T HE INVENTION 

5 This invention relates to mult i -beam array charged 

particle optics and related systems, and particularly 
to a pattern generator using a multi-beam array. 

BACKGROUND 

10 It is well known in the field of electron beam 

pattern generation that it is desirable to increase the 
throughput of pattern generation systems. The two main 
applications for such pattern generation systems are 
making masks for use in semiconductor fabrication by 
15 photolithography and direct writing of patterns onto 
wafers to form semiconductor devices. The need to 
individually scan an electron beam or ion beam pattern 
onto a substrate, i.e. a mask or a wafer, is a 
relatively slow process. One attempt to improve the 
20 throughput in for instance electron beam pattern 

generators is described in n A Concept for a 10 GHz 
Pixel Rate (Multiple) E-Beam Machine" by D.J.G.M. 
Roelofs et al., Microcircuit Engineering 83, 1983, pp. 
91 and following, which discloses use of a matrix of 
25 32x32 focused electron beamlets which can be blanked 

individually. Each beamlet is individually focussed by 
a so-called fly's eye lens which is a composite 
composed of a number of small lenses, each small lens 
being associated with one of the beamlets. 
30 This approach is deficient at least because each 

individual beamlet is susceptible to asymmetries of 
various kinds due to contamination present in the 
electron beam column, for instance due to particles 
lodged in apertures in the column. This contamination 
35 operates differentially on the various beamlets, 

resulting in the beamlets being displaced relative to 
one another, reducing the accuracy of the pattern being 
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written. 

Also known is the microcolumn approach in which 
individual microcolumns, each for instance one 
centimeter in diameter, are arranged in a square array 
5 to provide a multiplicity of electron beams. This is 
complex and expensive due to the need to individually 
fabricate the microcolumns, each having its own 
deflector, accelerator, and focussing electron beam 
optics. 

10 Further known is the array cathode approach, which 

achieves high density integration of electron beam 
sources in one and two dimensions. Due to dielectric 
breakdown, these devices are limited in the energy that 
may be imparted to the emerging electrons, and thus 

15 have limited utility for electron beam pattern 
generation. 

Also known in the art is the use of negative 
electron affinity photocathodes illuminated by laser 
beam as multibeam sources of electrons. Schneider et 

20 al., J. Vac. Sci. Technol. B 14(6), 3782-3766, Nov/Dec 
1996 propose such an electron beam system. Negative 
electron affinity materials such as cesiated GaAs are 
known to be extremely sensitive to contamination, which 
reduces or eliminates the emission of electrons. In 

25 the vacuum environment typically found in an electron 
beam pattern generator, one therefore expects limited 
lifetime for such a multibeam cathode. 

Prior work in this field does not solve the 
problem of increasing throughput of charged particle 

30 beam systems while being commercially feasible. The 
main obstacles to commercialization of direct writing 
of semiconductor wafers are on the one hand the low 
throughput of conventional charged particle beam 
systems, and on the other hand the very limited beam 

3 5 energy, on the order of a few hundred volts, of 
parallel array beam sources. (See, for example, 



WO 98/48443 PCT/US98/06748 

MacDohald et al . , ' Proceedings SPIE 2522 (1995) 220- 
229.) This limited beam energy forces the optical path 
length from emitter to target to be very short (approx. 
1 mm) in order that there not be undue inter-beamlet 
5 distortions. Further, because of the low energy, the 
particles cannot penetrate conventionally thick resist 
materials (4000 A) on the target. For this reason the 
resist is not exposed. Furthermore, alignment marks 
buried under such resist are not visible to the beams. 

10 Hence to date commercial use of electron beam 

lithography has been limited to mask making. Even for 
mask making it is desirable to increase throughput 
using beams of conventional energy, as integrated 
circuits become more complex, requiring more complex 

15 masks. 

In accordance with this invention, a pattern 
generator and a method of generating patterns use a 
20 source of charged particles, the source being an array 
of individual source elements, formed in one embodiment 
on a single substrate, and each source element in the 
source emitting an individual charged particle beam. 
The charged particle beams then pass through a beam 
25 assemblage optics which receives the individual charged 
particle beams and controls and accelerates them as if 
they were a single be&m. That is to say, in the beam 
assemblage optics there is no individual deflector or 
accelerator for each beam. Instead, the individual 
30 charged particle beams are treated as a single unitary 
beam, and then are accelerated and directed onto a 
target, for instance a semiconductor, wafer or a reticle 
substrate held on a suitable support, as in 
conventional charged particle beam lithography. 
35 Typically the beam assemblage optics includes at 

least one deflector which deflects substantially 



WO 98/48443 PCT/US98/06748 

uniformly the entire beam assemblage, a focus element 
which is a conventional "lens", and an accelerator 
element which accelerates the entire beam assemblage as 
if it were a single beam, i.e. does not independently 
5 accelerate the individual beams but accelerates all the 
beams uniformly. This pattern generator may operate in 
either a vector scan or raster scan mode. 

Each individual element in the source is 
individually addressable in terms of being blanked and 

10 unblanked. In some embodiments instead of the 

individual source elements being blanked and unblanked, 
a group of elements (for instance a square subarray of 
source elements) is blanked and unblanked. The 
blanking and unblanking typically are accomplished by 

15 an individual source potential provided to each source 
element or by an individual extraction potential 
provided to each source element. 

"Beam" here refers to an identifiable stream of 
charged particles. In accordance with common usage 

20 this disclosure uses the term "beam" independently of 
whether the beam itself is blanked (turned off) or 
turned on. Thus this defines a static beam axis which 
is the central path followed by the particles in the 
beam. "Beamlet" here refers specifically to an 

25 individual beam within the assemblage of beams in a 

mult i -beam system. 

Multi-beam here refers to multiple charged 
particle beams in a single grouping of beams. ("Multi- 
beam" as used here is not intended to refer here to a 

30 multi-column electron beam system as known in the art, 
where individual electron beams are each in its own 
column and each has its own optical arrangement.) The 
term "array" used herein refers to for instance (but is 
not limited to) a row and column array having whatever 

35 shape is desired i.e. square, rectangular, circular, or 
linear, disposed in one or two dimensions. Other array 
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geometries may be appropriate. The array need not lie 
in a plane but may be on some other regular surface 
such as the surface of a sphere or cylinder. The array 
of individual particle source elements is provided with 
5 extractors for extracting the particles from the source 
elements, thereby initiating the formation of a 
multiplicity of individual electron beams. This 
extraction can either be by a structure integrated with 
the array source itself as an array of individual 
10 extractors, or be a single extractor for all of the 
particle sources as a collective. 

The array of source elements is provided with 
blanking and unblanking (turning off and turning on) 
structure which in one embodiment operates on each 
15 source element independently of each other source 
element. Alternatively the independence is not of 
individual source elements in some embodiments, but is 
an arbitrary collection or grouping of source elements, 
i.e. a subarray. For instance it may be desirable in a 
20 rectangular array to turn on or off an entire selected 
row or column of source elements independently of the 
other rows or columns, or to turn off small rectangular 
blocks of source elements. The blanking may be 
provided by independent control of the individual 
25 source element potential (voltages) or via the 

individual extraction potentials where individual 
extractors are provided, or a combination thereof. 

In another embodiment, the source array includes 
not only an independent blanking structure but also 
30 independent ••lenses" (one for each source element) for 
focussing the particle beams. ("Lens" and -optics" or 
••optical" here conventionally refer not to light optics 
or light refractive lenses but to electro-magnetic or 
electrostatic structures for focusing charged particle 
35 beams.) These lenses are fabricated as additional 

steps in the fabrication of the source structure. The 
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lenses are used for specific particle beam system 
applications, for example to match the source optics to 
the column optics for efficient beam transport. In one 
embodiment, independent deflectors are provided for the 
5 individual beams. Again these individual deflectors 
are fabricated as additional steps in the source 
structure fabrication process and are integrated 
therein. A selected beam deflector, when actuated, 
causes the direction of the particular electron beam 

10 emitted from the associated source element to be 

changed from one direction generally aligned with the 
particle beam system axis to a slightly different 
direction; typically the deflection is only within a 
few degrees of the overall beam axis but is greater in 

15 other embodiments. 

The source array contemplated within the scope of 
this invention emits particles which are electrons or 
ions. In one embodiment using electrons as the charged 
particles, the particle source is called a cathode or 
20 cathode array, emphasizing the multiplicity of 

independent cathodes. This source array is typically 
fabricated as an integrated structure. There is a 
substantial literature on such integrated cathode 
arrays, and several suitable emission techniques and 
25 structures are known in the art including field 

emission, negative electron affinity and thermionic 
cathodes arranged as. arrays of emitters. 

Processes for fabricating submicron electron 
emitter arrays are described in U.S. Pat. No. 5,199,197 
MacDonald et al., issued April 6, 1993 and in U.S. Pat. 
No. 5,126,287 Jones, issued June 30, 1992, both 
incorporated herein by reference. The advantages of an 
integrated two-dimensional array of emitter structures 
are described in U.S. Pat. No. 5,363,021 MacDonald, 
35 issued Nov. 8, 1994, also incorporated herein by 
reference. Processes for fabricating ion emitter 
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arrays are described in U.S. Patient No. 4.902,898 
issued February 20, 1990 to Jones et al . , incorporated 
herein by reference. 

Thus in accordance with the present invention, a 
multi-beam optics system includes a multi-beam 
generator which generates an assemblage of electron 
beams, and beam assemblage electron optics for both 
accelerating and directing the beam assemblage, as if 
it were a single unitary beam, to a target, e.g. a 
semiconductor wafer or reticle substrate. The multi- 
beam generator includes an emitter array (an array of 
field emitter cathodes) , and an emission control array 
for controlling the magnitude of the emission current, 
both formed on a single (e.g. silicon) substrate. In 
one embodiment the control array is an integrated 
extractor/blanker electrode array following the field 
emitters (i.e., sequential in space along the emitted 
electron beams) . The multi-beam generator in one 
embodiment includes an electro-static deflector array 
for deflecting the individual beams by an appropriate 
amount, and in some embodiments a following lens array 
also integrated on the same substrate. 

The beam assemblage optics take into account the 
necessity of transporting relatively high levels of 
total beam current in a short total beam path length, 
thereby post -accelerating the beam assemblage to a 
desired final beam energy. The final beam energy is 
chosen to reduce inter-beamlet interactions thereby 
permitting a lengthening of the space bietween the 
emitting array and the target. With the increased 
length it becomes possible to utilize conventional 
electron optics for focusing and deflection. The beam 
energy is also chosen to penetrate resist materials of 
conventional thickness in order both to expose the 
resist and to develop backscatter signals for 
determining the location of alignment marks which may 
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lie '-beneath the resist. Also taken into, account in the 
configuration of the elements of the beam assemblage 
optics is that the multi-beam source (cathode array) is 
extensive in its transverse dimensions as opposed to 
5 the conventional quasi -point source, as well as other 
features of the beam assemblage such as the varying 
beam current at the target. Faithful electron optics 
projection of transversely extensive sources as used in 
accordance with this invention has been faced in 

10 electron beam projection lithography; see M.B. 

Heritage, J . Vac . Sci . Technol . . 12 6 (Nov/Dec 1975) 
pp. 1135-1140 and B. Lischke et al., Ootik 54 (1979) 
(4) pp. 325-341, both incorporated herein by reference. 
Also known in the art are other lens and 

15 deflection designs suitable for use in accordance with 
this invention and including Moving Objective Lens, J. 
Vac. Sci. Technol. 15(3) (May/June 1978) 849-52; 
Variable Axis Lens, J. Vac. Sci. Technol. 19(4) 
(Nov. /Dec. 1981) 1058-63; Variable Axis Immersion Lens, 

20 Microcircuit Engineering 83 (1983) 106-16; J. Vac. Sci. 
Technol . B6(6) (Nov. /Dec. 1988) 1995-8; J. Vac. Sci. 
Technol. B88(6) (Nov. /Dec. 1990); 1682-5. 

The above and other objects, features and 
advantages of the present invention will become 

25 apparent from the following detailed description of the 
invention in conjunction with the drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Figure 1 is a diagram of a multi-beam optics 
30 system in accordance with the present invention. 

Figure 2 is a partial cross -sectional view of a 
multi-beam field emission source in accordance with the 
present invention. 

Figure 3A shows a tip-type cathode, and Figure 3B 
35 shows a strip cathode, for use in the source of Figure 
2. 
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Figure 4 is a diagram of a beam assemblage optics 
in accordance with the present invention. 

Figure 4B is a more detailed diagram of beam 
assemblage optics. 

5 

DETAILED DESCRIPTION 

The present multi-beam pattern generator includes 
a source which is an array of charged particle source 
elements. An integrated extractor/blanker electrode 

10 control array . follows these charged particle sources 
( "following" here means sequential in space along the 
axis of the emitted charged particle beam or 
"downstream"), followed in one embodiment by ah array 
of electric deflectors to provide individual beam 

15 deflection transverse to the beam path, and followed in 
one embodiment by a lens array. The source array 
structure is further integrated with electrical 
connections to suitable control electronics, which 
provides control signals and controls acceleration 

20 voltage, and which may be partially integrated with the 
emitter array itself. The lens array is needed only 
for certain embodiments, for example if the emission 
pattern from the source element is not well matched in 
its spatial and velocity distributions to the 

25 acceptance of the downstream beam assemblage optics. 

The source array without the array of deflectors 
can be used as a "dot matrix" pattern generator, with 
applications to lithography as in U.S. Patent 
4,153/843, incorporated by reference. 

30 Hence the multi-beam generator in one embodiment 

includes in the source an array of electron field 
emitters (or a Schottky-assisted cathode emitter array) 
with fabricated micro-blankers and micro-deflectors and 
an electron optical lens (of conventional design) to 

35 form an array image on a target substrate. Use of 

field emitters as cathode elements permits essentially 
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cathode imaging (without other elements) . Prior multi- 
beam optics, requires optical elements downstream of the 
cathode, which undesirably leads to differential beam 
drift and other effects. The present multi-beam 
5 generator forms and treats the individual beams only at 
the beam source, which is configured to minimize- beam 
drift and other effects. Thereafter, the downstream 
beam assemblage optics affects the beams as if they 
were unitary, i.e. as if they were one beam; hence no 

10 source of differential effects exists beyond the multi- 
beam source itself. 

Figure 1 is a diagram of a multi-beam pattern 
generator system 1 contained in a conventional vacuum 
chamber (not shown) and which includes a mult i -beam 

15 electron source 2 (hereafter referred to as the multi- 
beam source) which generates an assemblage of electron 
beams 6, and beam assemblage optics 4 to direct the 
assemblage of beams 6 to a target, e.g. a workpiece or 
wafer 3 held on a conventional X-Y movable stage 

20 (precision motion table) 5. Conventional backscattered 
electron detector 7 provides for detection of electrons 
scattered back from the target 3 . 

The multi-beam source 2, only a small part of 
which is shown in cross section in detail in Figure 2, 

25 includes an electron field emitter array of micro- 
cathodes 202 arranged in e.g. a rectangular array (in a 
plan view not shown), and extracting electrode array 
203. Both micro-cathode array 202 and extracting 
electrode array 203 are formed on a silicon (or other 

30 suitable material) substrate 201. Cathodes 202 are 
brought to a reference potential V R by an applied 
voltage. Extracting electrodes 203 are brought to a 
positive extraction potential V B with respect to the 
reference potential V R by a second applied voltage. 

35 Extracting electrodes 203 each define a hole for the 
passage of electrons emitted by cathodes 201. Multi- 
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beam source 2 in one embodiment includes an anode array 
204 which is an accelerator and is brought to a 
positive potential V A with respect to the extraction 
potential V E and defining holes for the passage of the 
5 electron beams as well. 

In one embodiment, deflector arrays including a x- 
def lector array 205 and a y-def lector array 206 with 
associated integrated control electronics 230 are 
integrated with and located downstream (e.g. 0.1 to 

10 10 /xm) from anode array 204 with respect to the. 

direction of propagation of the individual emitted 
beams, to deflect the individual beams transversely to 
the beam path by appropriately scaled amounts, 
depending on system design factors. 

15 Extracting electrodes 203, anode 204 and, x, y 

deflector electrodes 205, 206 are formed of a 
succession of insulating and conductive layers formed 
by conventional IC fabrication techniques on substrate 
201 as shown in Figure 2. The insulating layers 207, 

20 208, 209 are e.g. silicon dioxide or other dielectric 
materials known in the IC fabrication art. The 
conductive layers 203, 204 , 205 and 206 are e.g. 
conventionally deposited and patterned aluminum or its 
alloys; other conductive materials such as polysilicon, 

25 Ti-Pd-Au, Ti-Pt-Au and Ti-W may be used. 

Further detail of the structure and fabrication of 
the source is not provided herein since suitable 
sources are known in the art. See e.g. Epstein et al. 
U.S. Patent No. 5,070,282; "Dot Matrix Electron Beam 

30. Lithography" by Newman et al., J. Vac. Sci. Technology , 
131(4) Oct. -Dec. 1983, pp. 993 and following, and 
"Addressable Array Cathodes for Projection Electron 
Beam Lithography", MacDonald et al., SRC Workshop, 
Dallas, Texas, 1991, p. 241 and following, all 

35 incorporated herein by reference, for detail of the 
structure and fabrication of the source. 
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In the structure of Figure 2, it is desirable to 
provide emission stability in terms of the amount of 
output current and current variations between various 
emitters. Also it is desirable to extend the lifetime 
5 of the emitters to prevent burnout. It is within the 
scope of the invention therefore to provide emitter 
redundancy. In one embodiment, the emitters are 
associated in groups, each group including at least one 
redundant emitter element ; each actual beam is then the 
10 sum of emissions from all the emitters in the group. 

Thus if one emitter burns out, a redundant emitter can 
be substituted therefor while maintaining a level 
output current. 

Since each individual electron source (emitter or 

15 cathode element) is individually controlled both in 

terms of blanking and unblanking and deflection, each 
defines an individual beamlet and so can be used to 
create a fine grain pattern. Thus in one embodiment 
the current level to the individual emitters is 

20 controlled to provide a grey scale (variable intensity) 
effect, for instance by pulse modulation. Since the 
individual emitters may be controlled, pattern 
generator in accordance with this invention is a high 
speed parallel structure permitting very high 

25 throughput for pattern imaging. 

Micro-cathodes 202 may be e.g. tip- type cathodes 
or strips as illustrated, respectively, in Figures 3A 
and 3B and known in the art. Also, other cathode types 
such as circular wedges are usable. The strip type 

30 cathode is described in Spallas and MacDonald in I EDM 
Technica l Digest , 1991, referred to below. 

In Figure 3 A depicting a tip- type cathode, a TiW 

r 

extraction electrode 303 surrounds a silicon electrode 
tip 301. In Figure 3B depicting a strip-type, a 
35 silicon base 310 defines a lower silicon strip 312, 

surrounded by parallel TiW extraction electrodes 324. 

» 
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Tip -type cathodes are the most common type of micro- 
cathodes described in the art; strips and circular 
wedges have larger emitting area than the tip-type and 
produce larger total currents. 
5 Micro-cathodes 202 are formed using a known 

lateral high temperature thermal oxidation process . 
Micro-cathodes so formed are inherently uniform in 
height, profile and radii of curvature, and the 
extraction electrodes are self -aligned. Cathodes with 

10 very sharp tips and with very small tip-to-extraction 
electrode distance allow low operational voltage 
operation while producing very large/ stable average 
current densities . The process sequence for 
fabrication of such micro-cathodes is based on the 

15 process sequence developed for fabrication of silicon- 
on- insulator (SOI) islands. Spallas and MacDonald in 
"Fabrication and Operation of Silicon Field Emission 
Cathode Arrays", I EDM Technical Digest . Washington/ 

♦ 

D.C. 1991, pp. 209 and disclose the details of this 
20 fabrication process, and is incorporated herein by 
reference. 

A control electrode array (not shown) may be 
provided between extracting electrode array 203 and 
anode array 204, and brought to a negative control 

25 potential V c with respect to the extracting electrodes 
in order to reduce the emission current to a fraction 
of the uncontrolled emission current. For certain 
pattern generation applications, as described above, a 
lens array (not shown) is integrated into multi-beam 

30 source 2 downstream of the deflector arrays 205, 206 
along the direction of the beams. See U.S. Patent 
5,126,287 and N.C. MacDonald et al., Proceedings SPIE 
2522 (July 1995) pp. 220-229 for such integration, both 
incorporated by reference. The source structure 2 is 

35 further provided with electrical connections (not shown 
as being outside the plane of the drawing) to 

-13- 
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conventional control electronics 220. Control 
electronics 220 provide control signals and control 
acceleration voltage for mult i -beam source 2 and in one 
embodiment is circuitry formed e.g. by conventional 
5 integrated circuit fabrication techniques and which is 
at least partially integrated on substrate 201. 

Beam assemblage 6, generated by multi-beam source 
2, then passes through beam assemblage optics 4. 
Figure 4A shows generally beam assemblage optics 4 in 

10 cross section. Beam assemblage optics 4 transports 
beam assemblage 6 as a unit (i.e., as if it were one 
beam) from the source 2 to target 3 in a preferably 
short beam path to minimize beam interactions. The 
beam assemblage optics 6 includes in one embodiment a 

15 conventional charged particle beam accelerator 401 to 
post -accelerate beam assemblage 6 to a desired final 
beam energy, a conventional focusing system (lens) 402 
to focus (or defocus) beam assemblage 6, and a 
conventional X-Y deflector 404 to deflect beam 

20 assemblage 6 to a specified location of the target 403. 
Beam assemblage optics 4 is conventional as used in 
electron beam pattern generators, taking into account 
design factors, such as that the present electron 
source 2 is extensive in its transverse dimension as 

25 opposed to the conventional quasi-point electron 

source, and that a short total beam path length is 
desirable, and accounting for other aspects of the beam 
assemblage, such as the varying beam current. Since 
the beam assemblage optics 4 treats the beams as if 

30 they are one beam, no cause for differential effects 
thereby exists downstream of the source 2. 

Figure 4B shows additional detail to better 
explain the structure of Figure 4A. Particle source 2 
generates electron beams which pass through an opening 

35 in accelerator electrode 401, at a positive potential 
with respect to the cathode array in source 2 . A 
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limiting aperture 412 is provided. Deflection coils 
404 are next, followed by a projection lens 402. (Note 
here the deflection and focusing lens structures are in 
different order than in Fig. 4A) . The target is not 
5 shown in Fig. 4B. 

The multi-beam generator in another embodiment 
includes in the source an array of ion emitters with 
fabricated micro-blankers and micro-deflectors and an 
accelerating ion optical lens (of conventional design) 

10 to form an array image on a target substrate. A 

suitable ion source is known in the art; see e.g. Jones 
et al., U.S. Patent No. 4,902,8 98, incorporated herein 
by reference. (See especially Figs. 8,* 9, 10.) 
Suitable accelerating ion optical lens structures are 

15 known in the art; see e.g. Stengl et al., U.S. Patent 
No. 4,985,634, incorporated herein by reference. 

The present invention is suitable for applications 
including lithography, inspection, and microscopy 
wherein charged particle beams having high resolution, 

20 high average current and beam control are required. 

Although the present invention has been described 
and illustrated with particular embodiments it will be 
clearly understood that this is by way of illustration 
and example only and is not to be taken by way of 

25 limitation. The spirit and scope of the present 
invention is limited only by the appended claims. 
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CLAIMS 

We claim: 

1. A pattern generator comprising: 

a source of electrons, the source including 
5 an array of individual field emission elements 

each generating an individual electron beam; 

a beam assemblage optics located to receive 
the individual electron beams and to accelerate 
and control the individual electron beams as an 
10 assemblage; and 

a target, location onto which the beam 
assemblage optics directs the assemblage of beams. 

2. The pattern generator of Claim 1, wherein the 
15 array of individual emission elements is a two 

dimensional array. 

3. The pattern generator of Claim 1, wherein 
each emission element is independently blanked and 

20 unblanked. 

4. The pattern generator of Claim 1, wherein the 
source of electrons blanks and unblanks groups of the 
emission elements. 



25 



30 



35 



5. The pattern generator of Claim 1, wherein 
each emission element is provided with a source 
potential, and the source potential of each emission 
element is independently controlled, 

6. The pattern generator of Claim 1, wherein 
each emission element is provided with an extraction 
potential, and the extraction potential of each 
emission element is independently controlled. 

7. The pattern generator of Claim 1, further 
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comprising, associated with each emission element, an 
individual deflection element for deflecting electrons 

■ 

emitted from that emission element. 

5 8, The pattern generator of Claim 1, further 

comprising a deflector array integrated with the source 
of electrons, for deflecting individual electron beams. 

9 . The pattern generator of Claim 8 , wherein the 
10 deflector array includes first and second deflectors 
associated with each individual emission element, for 
deflecting the electron beam from that emission element 
in two orthogonal directions. 

15 10. The pattern generator of Claim 1, further 

comprising an accelerator array integrated with the 
source of electrons, for individually accelerating the 
electron beams. 

20 11. The pattern generator of Claim 1, wherein the 

beam assemblage optics includes a deflector that 
deflects the entire assemblage of individual electron 
beams . 

25 . 12. The pattern generator of Claim 7, wherein the 

deflector deflects each electron beam substantially 
identically. 

13. The pattern generator of Claim 1, wherein the 
30 beam assemblage optics includes a focus element that 

focusses the entire assemblage of individual electron 
beams . 

14. The pattern generator of Claim 1, wherein the 
35 beam assemblage optics accelerates the individual 

electron beams by an accelerator element. 
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15. The pattern generator of Claim 1, wherein the 
pattern generator forms a pattern on the workpiece by a 
vector scan. 

5 16. The pattern generator of Claim 1, wherein the 

pattern generator forms a pattern on the workpiece by a 
raster scan. 

17. The pattern generator of Claim 1, wherein the 
10 target location is a support for a substrate. 

18. A method for providing a multi-beam 
assemblage comprising the steps of: 

providing a field emission source of electrons 
15 arranged to generate a multi-beam in an array; 

manipulating individual electron beams generated 
in the array at a close proximity to the source; and 

then, directing and accelerating the manipulated 
multi-beam to a target as if the multi-beam was a 
20 single electron beam. 

19. The method of Claim 18, wherein the 
manipulating step includes extracting individual 
electron beams. 

25 

20. The method of Claim 18 , wherein the 
manipulating step includes independently accelerating 
the individual electron beams. 

30 21. The method of Claim 18, wherein the 

manipulating step includes independently deflecting the 
individual electron beams transversely to a direction 
of propagation of the individual electron beams. 

35 22. The method of Claim 18, wherein the 

accelerating step includes accelerating the multi-beam 
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to a- predetermined final energy, 

23. The method of Claim 18, wherein the directing 
step includes focussing the multi-beam onto the target. 

5 

24. The method of Claim 18, wherein the directing 
step includes deflecting the multi-beam to a specified 
location on the target. 



19 
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